
Le et al. Nanoscale Research Letters 2013, 8:58
http://www.nanoscalereslett.com/content/8/1/58
NANO COMMENTARY Open Access
Synthesis of silica nanoparticles from Vietnamese
rice husk by sol–gel method
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Abstract

Silica powder at nanoscale was obtained by heat treatment of Vietnamese rice husk following the sol–gel method.
The rice husk ash (RHA) is synthesized using rice husk which was thermally treated at optimal condition at 600°C
for 4 h. The silica from RHA was extracted using sodium hydroxide solution to produce a sodium silicate solution
and then precipitated by adding H2SO4 at pH = 4 in the mixture of water/butanol with cationic presence. In order
to identify the optimal condition for producing the homogenous silica nanoparticles, the effects of surfactant
surface coverage, aging temperature, and aging time were investigated. By analysis of X-ray diffraction, scanning
electron microscopy, and transmission electron microscopy, the silica product obtained was amorphous and the
uniformity of the nanosized sample was observed at an average size of 3 nm, and the BET result showed that the
highest specific surface of the sample was about 340 m2/g. The results obtained in the mentioned method prove
that the rice husk from agricultural wastes can be used for the production of silica nanoparticles.
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Background
Globally, approximately 600 million tons of rice paddies
is produced each year. On an average, 20% of the rice
paddy is husk, giving an annual total production of 120
million tons [1]. In Vietnam, the average output of the
country is 42 billion tons per year, and this country is
the second largest manufacturer of rice in the world.
Rice husk (RH) is an agricultural waste material that
should be eliminated. The chemical composition of RH
is similar to that of many common organic fibers, con-
taining cellulose, lignin, hemicelluloses, and silica, which
is the primary component of ash. After burning, the or-
ganic composition is decomposed and rice husk ash
(RHA) is obtained [1-3]. RHA is one of the most silica-
rich raw materials containing about 90% to 98% silica
and some amount of metallic impurities (after complete
combustion) among the family of other agro-wastes
[4-8]. It is important that the silica in RHA exists in the
amorphous state and has high surface area [9-13]. Be-
cause of these features, silica has many applications,
such as sources for synthetic adsorption materials
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[14-16], carriers, medical additives, fillers in composite
materials, etc. [17,18], and demonstrates advantages
when achieved at nanometer size.
Silica is a polymer of silicic acid consisting of inter-

linked SiO4 units in a tetrahedral fashion with the gen-
eral formula SiO2. In nature, it exists as sand, glass,
quartz, etc. Naturally occurring silica is crystalline,
whereas synthetically obtained silica is amorphous in na-
ture. Silica used in chemical applications is synthesized
from either silicate solution or silane reagents [19].
There are various methods to prepare silica nanoparti-

cles. Adam et al. [20] synthesized spherical nanosilica
from agricultural biomass as RH via the sol–gel method.
The resulting silica particles were shown to be agglomer-
ates with an average dimension of 15 to 91 nm. Jal et al.
[21] synthesized nanosilica via the precipitation method,
and the resulting nanosilica were found to have a par-
ticle size of 50 nm in dimension. However, the sol–gel
technique [19,21-23] is the most common method for
silica synthesis. It involves simultaneous hydrolysis and
condensation reaction. In this process, a sol of sodium
silicate or silicon alkoxide or halide gets converted into a
polymeric network of gel. During silica synthesis by sol–
gel process under certain conditions like restriction of
gel growth, silica gets precipitated. In such preparation,
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Table 1 Chemical compositions of the RHA analyzed by
AAS

Component (wt.%) K2O Al2O3 Fe2O3 CaO MgO Na2O SiO2

Before treatment 0.39 0.48 0.15 0.73 0.55 0.12 96.15

After treatment 0.01 0.06 0.04 0.04 0.06 0.01 99.08
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the steps involved are coagulation and precipitation
from silica solution. In the present investigation, we have
focused our effort on preparing stable nanosilica from
sodium silicate which was synthesized from Vietnamese
rice husk using the sol–gel technique.

Main text
Materials
Rice husk from the natural rice source of Mekong
Delta, Vietnam, was used. Sodium hydroxide, cetyltri-
methylammonium bromide (CTAB), cetyl amine (CA),
polyethylene glycol (PEG, 10,000), Arkopal, cethyl
ammonium chloride (CAC), Aliquat 336, alkyl dimethyl
benzyl ammonium chloride (ADBAC), cetylpyridinium-
bromide (CPB), and cetyltrimethylammonium chloride
(CTAC) were purchased from Merck (Darmstadt,
Germany) and used as surfactant agents. Chlorhydric
acid, sulfuric acid, and n-butanol were all purchased
from Xilong (Guangzhou, China).
Figure 1 SEM micrographs of silica nanoparticles obtained from surfa
Experimental procedure
Pretreatment of the RHA
The pretreatment of the RHA consisted of acid and
thermal treatments. After treating the RH with 10% HCl
and 30 wt.% sulfuric acid solution, the material was
burned in a muffle furnace at 600°C for 4 h to remove
all incorporated hydrocarbons.
An acid washing step was used to remove the small

quantities of minerals prior to silica extraction from
RHA in the following manner. The calcinated RHA
(10 g) was acid-leached with 10% HCl and afterwards 30
wt.% sulfuric acid solution at 100°C for 2 h in a Pyrex
three-neck round-bottom flask equipped with a reflux
condenser in a hemispherical heating mantle. Then, the
slurry was filtered and washed with distilled water for
several times until the pH value equaled 7.
Preparation of sodium silicate solution
Sodium hydroxide solution (3.5 mol/L) was added to the
pretreated RHA and boiled for 5 h in a Pyrex three-neck
round-bottom flask equipped with a reflux condenser in
a hemispherical heating mantle to dissolve the silica and
to produce a sodium silicate solution. The solution was
filtered and washed with boiling distilled water. The final
solid sample was cooled to room temperature.
ce-active substances. CA (a), Arkopal (b), and PEG (c).



Figure 2 TEM micrographs of silica nanoparticles obtained from surface-active substances. CAC (a), ABDAC (b), Aliquat 336 (c), CTAB (d),
and CPB (e).
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Synthesis of silica nanoparticles
Surfactant (2.0 wt.%) was dissolved in the water/butanol
(1:1) solvent. Subsequently, RHA-derived sodium silicate
was slowly added into the CTAB/water/butanol solution,
and the mixture was stirred at 60°C. Then, 0.5 mol/L
sulfuric acid solution was added gradually into the sus-
pension in order to initiate the hydrolysis-condensation
reaction at pH ~ 4. The resulting gel mixture was aged
at 60°C for 8 h.
Then, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 wt.% of CTAB were

dissolved in the water/butanol solvent with 1:1 ratio.
Subsequently, RHA-derived sodium silicate was slowly
added to the CTAB water/butanol solution that was
being stirred at 60°C. Then, 0.5 mol/L sulfuric acid solu-
tion was added gradually into the solution in order to
initiate the hydrolysis-condensation reaction. The sus-
pension was adjusted until the pH is 4. The resulting gel
mixture was aged at different temperatures in the func-
tion of time. The aged silica gel was dispersed in butanol
and washed with distilled water for several times.
Nanosilica was calcinated at 550°C for 4 h in atmos-
pheric condition to remove the surfactant. The final
product was obtained and stored in desiccators be-
fore further characterizations.



Figure 3 TEM micrographs of silica nanoparticles obtained from CTAB. 0.5 (a), 1.0 (b), 1.5 (c), 2.0 (d), 2.5 (e), and 3.0 wt.% (f).
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Discussion
The chemical compositions of the RHA before and after
the treatment by acid were determined by adsorption
atomic spectroscopy (AAS), and the results are pre-
sented in Table 1. Unlike conventional organic silicon
compounds, the RHA is an agriculture waste, which
contains several main extraneous components. The ther-
mal and acid treatments are efficient, resulting in a ma-
terial with high reduction in K2O, Al2O3, Fe2O3, CaO,
and MgO contents. The silica (SiO2) in the RHA is not
dissolved in the H2SO4 treatment. The silica nanoparti-
cles are obtained via the following reactions:

� NaOH + SiO2 → Na2SiO3 + H2O
� Na2SiO3 + H2SO4 → SiO2 + Na2SO4 + H2O

Effect of surfactant on the particle size distribution of
silica nanoparticles
In order to determine the influence of surface-active
substances to the particle size, two groups of surface-



Figure 4 Silica nanoparticles dispersed in water/butanol.
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active substances are investigated: The first group
includes surface-active substances which are neutrally
charged such as CA, PEG, and Arkopal. Scanning elec-
tron microscopy (SEM) images obtained are shown in
Figure 1a,b,c. The second group includes cationic
surface-active substances such as CAC, Aliquat 336,
ADBAC, CPB, and CTAB. Transmission electron
microscopy (TEM) images obtained are shown in
Figure 2a,b,c,d,e. The concentration used for these
surfactants is 2 wt.% with aging temperature at 60°C
for 8 h.
The results show that the cationic surface-active sub-

stances do not coat uniformly the particle surface. In
addition, due to the high surface energy and free OH
groups on the silica surface which produce the hydrogen
bond with water molecules, when the dispersed silica
was isolated from the solvent, this hydrogen bond was
also removed forming a Si-O-Si liaison and resulting to
larger size particles which were agglomerated.
For surface-active substances of group 1, the mixture,

after being synthesized, was dispersed completely in bu-
tanol phase and became transparent. The results show
that the size distribution of silica particles is more uni-
form. In the case using Aliquat 336, ADBAC, and CPC,
silica particles can be obtained in the form of a rope
having an average particle size of 20 nm. Especially,
when using the CTAB agent, the dispersion of the sam-
ple was much better with the smallest size of particles of
about 2 to 4 nm. The result indicates that the CTAB sur-
factant has coated uniformly the surface of the material
giving it much better dispersion in suspension.

Effect of surfactant concentration on the particle size
distribution of silica nanoparticles
In order to optimize the formation condition of silica
nanoparticles, the effect of the CTAB concentration was
investigated. The experiments were performed varying
its concentration from 0 to 3 wt.% of total mass of silica,
and the aging time and aging temperature condition are
fixed at 8 h and 60°C, respectively.
The TEM micrographs of silica nanoparticles obtained

at different CTAB concentrations are exhibited in
Figure 3a,b,c,d,e,f. It can be clearly seen that the formed
silica particles were seriously aggregated and the size
ranged from a few nanometers to several hundred nan-
ometers. In increasing the concentration of surfactant
from 0.5 to 2.0 wt.% (Figure 3a,b,c,d), the particle size
and uniform dispersion can be achieved. Above this con-
centration value of surfactant, the particle size becomes
larger and causes aggregation. This suggests that 2 wt.%
CTAB is the best surface-active substance to protect the
surface of silica, in which silica nanoparticles are uni-
form (Figure 3d), which leads to the combination of sil-
ica and CTAB dispersed completely in the butanol
solvent, as shown in Figure 4b (no polar hydrophilic
agent). When the CTAB concentration was increased
from 2.5 to 3.0 wt.% as shown in Figure 3e,f, the results
show the appearance of small particles, while being dis-
tributed synchronously unclear, which tend to agglomer-
ate, and silica nanoparticles were not distributed in the
butanol solvent when the concentrations of CTAB were
increased (Figure 4a).

Effect of aging temperature and time on the particle size
and its distribution of silica nanoparticles
Achieving the particle size and its distribution of silica
nanoparticles depends on the stability of silica sol.
Derjaguin [24] had distinguished three types of stability
of colloidal systems: (1) phase stability, analogous to the
phase stability of ordinary solutions; (2) stability of dis-
perse composition, the stability with respect to the
change in dispersity (particle size distribution); and (3)
aggregative stability, the most characteristic for colloidal
systems. Colloidal stability means that the particles
do not aggregate at a significant rate. As explained
earlier, an aggregate is used to describe the structure
formed by the cohesion of colloidal particles. So, in
this investigation, we have proved the effect of aging
temperature and time on the stability of silica
nanoparticles.

Effect of aging temperature
To optimize the formation condition of silica nanoparti-
cles, the effect of aging temperature was investigated.
The experiments were performed at different aging tem-
peratures: 30°C, 45°C, 60°C, and 80°C, and the concen-
tration of CTAB and aging time are fixed at 2.0 wt.%
and 8 h, respectively. The TEM micrographs of silica
nanoparticles obtained at different aging temperatures
are exhibited in Figure 5a,b,c,d. The results obtained
show that when the aging temperature changes, the



Figure 5 TEM micrographs of silica nanoparticles obtained at different aging temperatures. 30°C (a), 45°C (b), 60°C (c), and 80°C (d).

Figure 6 TEM micrograph of silica nanoparticles obtained at
aging time 0 h.
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dispersion states and sizes of silica nanoparticles also
change and the best results of silica nanoparticles are
achieved in the survey area at 60°C (Figure 5c). This sug-
gests that the increase in temperature from 30°C to 60°C
leads to increased interaction between the hydroxyl
groups on the silica surface with CTAB. The result
shows that the particle size has a better uniform distri-
bution. However, when the aging temperature increased
to 80°C, the CTAB molecules adsorbed on the surface of
silica tend to desorption, which reduces the interaction
between the molecules of the surface-active substance
CTAB with hydroxyl groups on the silica surface, leading
to reduced distribution of states of the silica nanoparti-
cles and agglomeration between the particles via a bridge
Si-O-Si.
Survey results on the influence of temperature on the

particle size showed that the best condition in the survey
area to obtain good dispersion and uniform particle size
is at a temperature of 60°C with 2 wt.% CTAB.

Effect of aging time
The aging time is then changed to check the role of dif-
ferent aging times in the particle size distribution. The



Figure 7 TEM micrographs of silica nanoparticles obtained at different aging times. 3 (a), 5 (b), 6 (c), 7 (d), 8 (e), and 12 h (f).
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experiments were performed varying the aging time at 0,
3, 5, 6, 7, 8, and 12 h, and the concentration of CTAB
and aging temperature are fixed at 2.0 wt.% and 60°C,
respectively. Figures 6 and 7a,b,c,d,e,f exhibit the TEM
micrographs of silica nanoparticles formed in 2 wt.%
CTAB surfactant with different aging times of 0, 3, 5, 6,
7, 8, and 12 h, respectively. From the TEM images, it is
clearly seen that the particle size distribution becomes
narrow with increasing aging time. When the aging time
reached 8 h, the silica nanoparticles were uniformly dis-
persed in the solvents. It can be attributed to the fact
that the aging time plays an important role in the par-
ticle size distribution. Aging is a process of dissolution
and reprecipitation driven by differences in solubility.
Based on the aging theory, during the aging process of
silica gel, the smaller silica particles are dissolved and



Figure 8 FT-IR spectra of the nanoparticles.
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the silica particles are reprecipitated onto larger particles
with the increase of aging time. As the aging time
increased to 8 h, the silica gel reached dissolution equi-
librium. So, the silica particles were uniformly dispersed
in the solvents.
The Fourier transform infrared (FT-IR) spectra of the

silica nanoparticles dried at 100°C are shown in Figure 8.
Figure 9 XRD diagram of silica nanoparticle.
The peaks at 1,103, 804, and 488 cm−1 are due to the
asymmetric, symmetric, and bending modes of SiO2,
respectively. The broad absorption band at 3,402 cm−1

and the peak at 1,466 cm−1 for the sample are due to the
-OH groups. The absorption bands observed at 2,924
and 2,853 cm−1 are due to the bending of -CH2 and
-CH3 of the CTAB surfactant. The FT-IR spectra show
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C-H peaks at 2,924 and 2,853 cm−1, clearly indicating
the organic modification of the nanoparticle surface and
the silica nanoparticle obtained in amorphous state.
In addition, the characteristic peak corresponding to

the silica crystalline structure was not clearly observed
at 2θ = 22° in the XRD diagrams of Figure 9, indicating
that the samples are nearly amorphous.
Conclusions
RHA material was successfully synthesized from the
abundant Vietnamese rice husk. A new synthetic
method for spherical silica nanoparticles using RHA as
the silica source and CTAB as the surfactant via the sol–
gel technique in water/butanol was investigated. This
method is a simple and effective route for preparing
ultrafine powders on a nanometer scale and with a
homogeneous particle size distribution. The specific sur-
face area is reached at 340 m2/g, and the silica product
obtained is amorphous. This leads to the low-cost pro-
duction of silica nanoparticles for various practical appli-
cations such as pollution treatment, nanocomposite
materials, etc. Furthermore, using this source for the
production of RHA provides a way to solve the waste
problem of rice husk pollution in the Mekong Delta of
Vietnam.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
VHL, CNHT, and HHT have worked equally in all results presented in this
paper. All authors read and approved the final manuscript.

Authors’ information
VHL graduated and received his Bachelor of Science in Organical Chemistry
in 2005, and after that, he received his M.S. in Physical Chemistry in 2011
from the University of Science, HoChiMinh City, Vietnam. His research
interests include nanomaterials and polymers.
CNHT is currently the Vice Dean of the Faculty of Materials Science,
University of Science-National University of HoChiMinh City, Vietnam. He
graduated with the degree B.S. in Physical Chemistry from the University of
Science, HoChiMinh City, Vietnam, in 2004. He received his M.S. in Physico-
chemistry of Materials from the University of Maine, Le Mans, France, in 2005
and received his Ph.D. in Materials Science and Engineering from the
University of Savoie, Chambéry, France, in 2008. His research interests include
polymers, nanocomposites based on polymers, and biodegradable polymers.
HHT is an associate professor in the Faculty of Chemistry, University of
Science, Vietnam National University in HoChiMinh City, Vietnam. He is also
the Chief of the Polymer Laboratory, Faculty of Chemistry, University of
Science, Vietnam National University in HoChiMinh City, Vietnam. Moreover,
he is visiting Professorships at Université du Maine, Le Mans, France;
Université de Savoie, France; Polytechnic University - Vietnam National
University in HoChiMinh City, Vietnam; and Can Tho University, Vietnam. He
received his Bachelor of Chemistry degree from the Faculty of Sciences,
Saigon University, Vietnam, in 1971 and then received his Master of Science
in Organic Physical Chemistry from the Faculty of Sciences, Saigon University
in 1972. He graduated with a Ph.D. degree from the University of HCM City
in 1992. He was the Dean of the Faculty of Chemistry, University of Science-
Vietnam National University in HoChiMinh City, Vietnam, from 2002 to 2007.
His research interests include modification of natural polymers (rubber,
chitosan, etc.), natural or synthetic polymer-controlled degradation, synthesis
of systems containing free and/or linked plant growth stimulator molecules
in rubber/polymer matrix, living polymers, polymer blends, composite
materials, nanocomposites, and graphene.
Acknowledgements
The authors wish to thank the Laboratory of Polymer of the University of
Science, HoChiMinh City, and Bui Van Ngo Company for the rice husk used
in this investigation and the Laboratory of Nanotechnology and Institute of
Material Science and Technology, HoChiMinh City, for the different analytical
techniques of XRD, TGA, DMTA, TEM, and SEM analyses.

Author details
1Laboratory of Polymer, Faculty of Chemistry, University of Science-National
University of HoChiMinh City (VNU-HCM), 227 Nguyen Van Cu, Ward 4,
District 5, HoChiMinh City 70250, Vietnam. 2Laboratory of Polymer and
Composite Materials, Faculty of Materials Science, University of Science-
National University of HoChiMinh City (VNU-HCM), 227 Nguyen Van Cu, Ward
4, District 5, HoChiMinh City 70250, Vietnam.

Received: 8 November 2012 Accepted: 22 December 2012
Published: 6 February 2013
References
1. Chandra S: Waste Materials Used in Concrete Manufacturing. Westwood:

Noyes; 2007.
2. Hwang CL, Wu DS: Properties of cement paste containing rice husk ash.

In ACI SP-114: Fly Ash, Silica Fume, Slag, and Natural Pozzolans in Concrete.
Edited by Malhotra VM. Farmington Hills: American Concrete Institute;
1989:733–765.

3. Lin KM: The study on the manufacture of particle-board made of China fir
flakes and hulls. Master thesis: National Chung-Hsing University; 1975.

4. Abu Bakar BH, Putrajaya R, Abdulaziz H: Malaysian rice husk ash - improving the
durability and corrosion resistance of concrete: pre-review. Concr Res Lett 2010,
1(1):6–13.

5. Real C, Alcala D, Maria C, Jose M: Preparation of silica from rice husks. J Am
Ceram Soc 2008, 79(8):2012–2016.

6. Ra S: Waste Materials and By-Products in Concrete. London: Springer; 2008.
7. Krishnarao RV, Subrahmanyam J, Jagadish Kumar T: Studies on the

formation of black particles in rice husk silica ash. J Eur Ceram Soc 2001,
21:99–104.

8. Ahmed YMZ, Ewaits EM, ZaKi ZI: Production of porous silica by the
combustion of rice husk ash for tundish lining. J Univ Sci Technol Beijing
2008, 5(3):307.

9. Shelke VR, Bhagade SS, Mandavgene SA: Mesoporous silica from rice husk
ash. Bull Chem React Eng Catal 2010, 5(2):63–67.

10. Yalcin N, Sevinc V: Studies on silica obtained from rice husk. Ceram Int
2001, 27:219–224.

11. Chandrasekhar S, Pramada PN, Majeed J: Effect of calcination temperature
and heating rate on the optical properties and reactivity of rice husk
ash. J Mater Sci 2006, 41:7926–7933.

12. James J, Subba Rao M: Silica from rice husk through thermal
decomposition. Themochimica Acta 1986, 97:329–336.

13. Hanafi S, Abo-El-Enein SA, Ibrahim DM, El-Hemaly SA: Surface properties of
silicas produced by thermal treatment of rice husk ash. Thermochim Acta
1980, 37:137–143.

14. Jang HT, Park Y, Ko YS, Lee JY, Margandan B: Highly siliceous MCM-48
from rice husk ash for CO2 adsorption. Int J Greenhouse Gas Control 2009,
3:545–549.

15. Wongjunda J, Saueprasearsit P: Biosorption of chromium (VI) sing rice
husk ask and modified rice husk ash. Environ Res J 2010, 4(3):244–250.

16. Lakshmi UR, Vimal Chandra S, Indra Deo M, Lataye DH: Rice husk ash as an
effective adsorbent: evaluation of adsorptive characteristics for Indigo
Carmine dye. J Environ Manage 2009, 90:710–720.

17. Liu YL, Hsu CY, Hsu KY: Poly(methylmethacrylate)-silica nanocomposites
films from surface-functionalized silica nanoparticles. Polymer 2005,
46:1851–1856.

18. Shin Y, Lee D, Lee K, Ahn KH, Kim B: Surface properties of silica
nanoparticles modified with polymers for polymer nanocomposite
applications. J Ind Eng Chem 2008, 14:515–519.

19. Bergna HE, Roberts WO: Colloidal Silica: Fundamentals and Applications. Boca
Raton: Taylor & Francis; 2006:9–37.



Le et al. Nanoscale Research Letters 2013, 8:58 Page 10 of 10
http://www.nanoscalereslett.com/content/8/1/58
20. Adam F, Chew TS, Andas J: A simple template-free sol–gel synthesis of
spherical nanosilica from agricultural biomass. J Sol–Gel Sci Technol 2011,
59:580–583.

21. Jal PK, Sudarshan M, Saha A: Synthesis and characterization of nanosilica
prepared by precipitation method. Colloids Surf Physicochem Eng Aspect
2004, 240:173–178.

22. Pierre AC, Pajonk GM: Chemistry of aerogels and their applications. Chem Rev
2002, 102:4243–4265.

23. Livage J, Henry M, Sanchez C: Sol–gel chemistry of transition metal
oxides. Prog Solid State Chem 1988, 18:259.

24. Derjaguin BV: Theory of Stability of Colloids and Thin Films. New York:
Consultants Bureau; 1989.

doi:10.1186/1556-276X-8-58
Cite this article as: Le et al.: Synthesis of silica nanoparticles from
Vietnamese rice husk by sol–gel method. Nanoscale Research Letters 2013
8:58.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Background
	Main text
	Materials
	Experimental procedure
	Pretreatment of the RHA
	Preparation of sodium silicate solution
	Synthesis of silica nanoparticles


	Discussion
	Effect of surfactant on the particle size distribution of silica nanoparticles
	Effect of surfactant concentration on the particle size distribution of silica nanoparticles
	Effect of aging temperature and time on the particle size and its distribution of silica nanoparticles
	Effect of aging temperature
	Effect of aging time


	Conclusions
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


